Ahtrurt -The main purpose of this paper is to calculate the behaviors of interphase spacers to reduce the ampIitude of galloping in conductors. In simulation, three phases and iced-singIe/two-bundles conductors with/without spacers are considered in viewpoint of standard cases. The implicitlexplicit finite element methods are used to calculate the transient response with geometric nonlinear behavior. ANSYS/LS-DYNA program is also applied. Calculation results can be used to predict the positions to insert the interphase spacers between conductors.
I. INTRODUCTION
Galloping, which is defined as the instability of aerodynamic and aero elastic on overhead line conductor, is the typical phenomenon of slender structures. Since early For understanding the mechanisms and finding out the solution of galloping problems, various modeIs have been developed to simulate it [3]- [4] . There are two kinds of simulation, one based on the experiment with real test conducted lines and the other with numerical computing. In numerical simulation, two cases of linearinon-linear differential equations and finite element modeling method were used. In practical, to avoid the galloping, some mechanical devices such as pendulum detuners, windamper, twister, torsional damper detuner, interphase spacers, etc ... were applied. In the case of using interphase spacers, the problem is that it will affect the vibration of power transmission line (PTL). On the other hand, when the iced conductors are subjected to wind flow; its vibration may increase or its motion may suddenly deflect. Thus it causes the cables h m two different phases come too close to each other, and consequently repeated short-circuits is created.
Recently, simulation methods which based on quasi-teady theory of the aerodynamic loading for galloping have been studied IS]- [9] . In these results, specially lift, drag and torque coefficient may be formerly measured in wind tunnel as a function of wind angle.
The main purpose of this paper is to calculate the behaviors of interphase spacers to reduce the amplitude of galloping in conductors. In simulation, three phases and iced-single-two-bundles conductors witldwithout spacers are considered in viewpoint of standard cases. The implicit/explicit finite element methods are used to calcuIate the transient response with geometric nonlinear behavior.
ANSYSLS-DYNA
program is also applied [IO] - [12] . Cafculation results can be used to predict the positions to insert 0-7803~8730~9/04/$20.00 (02004 IE EE the interphase spacers between conductors.
GENERAL ANALYSIS PROCEDURE
In this procedure, the power transmission lines are modeled by beam-elements which undergo very large displacements. The element description is based on a rigid-convected co-ordinate or co-rotational formulation described by Belytschko [13]-[ 151. Moreover, the formulation is intended for explicit temporal integration procedures, so stiffness matrices are not developed.
Co-ordinate systems
The element coordinate system is defined to have the local x-axis 2 originating at node I and terminating at node I , the local y-axis j and the local z-axis i . The element coordinate system (i,j,,?) and associated unit vector triad (q,$,q) are updated at every time step by the same technique used to construct the initial system as in Fig. 1 
Equations of motion
The translation equations of motion are given by where p, denotes the translational inertia of node I . where Iy,lfl and I, denote the principal moments of inertia. The displacements of the element are decomposed into rigid body displacements 7 and deformation displacements d,
The strains are given by which can be expressed for an element in matrix form
where {i) denotes the matrix of nodal deformation diswhere V denotes the volume ofthe element, {e} the stresses measured in the rotated co-ordinates {if} , and { I d ) the nodal forces conjugate to ( d j .
where {w"} denotes the internal work.
Belytschko beam element formulation beam element fomuliltion is
The deformation displacement used in the Belytschko where 2 is taken to originate at node I , The superscript m is used to indicate that these are the displacement of the mid-surface.
Bending moments tations by
The bending moments are related to the deformation roequation (36) and taking the scalar product of both sides of the equation with 4 , which yields, after some simplification Since 6!+' is a unit vector, normality provides the relation
The update components of b, and are defined relative to the Hence 4 , G and A, denote the shear factor, the shear modulus and the effective area in shear, respectively.
Torsionol Moment formation rotation as where
The torsional moment is calculated from the torsinal de- In particular, the body component unit vectors are updated using the formula ( 
33)
The time derivatives in the above equation (33) are replaced by their equivalent forms from vector analysis The updated X component of 4 is round by letting i = 3 in body coordinates at time step j . Using Eq. (3) with h defined at step j , and their vector cross product is used to form 9 ,
Using ANSYS/LS-DYNA program
A modal analysis of the structure should be initially performed to provide information about the structure's dynamic behavior. Then, the explicit finite element method is used to determine the hsplacement response of galloping for power transmission lines. The basic algorithm of the bEock Lanczos method [ 161 is used to determine the natural frequency of models. This method uses the sparse matrix solver. Beam4 element is applied for models.
Beaml61-element is applied for ice-conductor. It is defined by two-node I and J in the global coordinate system. Node K defines a plane (with I and J ) containing the element s -axis. This element supports all nonlinear features allowed for an explicit dynamic analysis. The interphase spacers are used by Belytschko beam (rigid body rotations). We also applied an ALPHA damping coefficient equal to 0.019 to all materials.
ANSYWLS-DYNA automatically converts the implicit Beam4 elements to explicit Beamldi elements.
MODELING CONSIDERATIONS
In this paper, we assume the following I54 kV overhead power transmission line with interphase spacer (hanging composite polymer spacer) in Fig.2 . In 154 kV overhead power transmission line, generally an aluminum conductor steel reinforced (ACSR) type is used, [ 171. ACSR electrical conductor (with 26 aluminum wires and 7 steel wires) was used in whole of this paper. The tower sketch is used by the standard phase-to-phase distance (3.
[m] and 4.3 [m] ).
A span of conductor with ends at the same clevation is shown in equation of the form
The parameters of model are shown in Table. 1. The model of a non circular cross section is given below Fig.3 .
A Table 1 . The parameters of model. Generally, the lift and drag forces depends on the icing shape, ice size, and icing angle etc.. For simulation of galloping, the data for lift, drag forces and moment are necessary. In this paper, we use the results in [4] which obtained by wind tunnel test as in Fig. 4. 
IV. ANALYSIS RESULTS
In analysis results, three phases and iced-singleitwo-bundles conductors withJwithout spacers are considered in 5 cases as in Figs.
5-7.
We considered three conductors withi without spacers in 5 cases as in Figs.5-7. By considering an implicit analysis, we obtain the resonance frequency as 4 
V. CONCLUSION
The main purpose of this paper is to calculate the behaviors of interphase spacers to reduce the amplitude o f galloping in conductors. In simulation, three phases and iced-single-two-bundles conductors with/without spacers are considered in viewpoint o f standard cases. The implidexplicit finite element methods are used to calculate the transient response with geometric nonlinear behavior.
ANSYSILS-DYNA program is applied too. The calculation results may be used to predict the positions to insert the interphase spacers between conductors. 
